The enrichment history of heavy neutron-capture elements in the Milky Way disc provides fundamental information about the chemical evolution of our Galaxy and about the stellar sources that made those elements. In this work we give new observational data for Sr, the element at the first neutron-shell closure beyond iron, N=50, based on the analysis of the high resolution spectra of 276 Galactic disc stars. The Sr abundance was derived by comparing the observed and synthetic spectra in the region of the Sr I 4607Å line, making use of the LTE approximation. NLTE corrections lead to an increase of the abundance estimates obtained under LTE, but for these lines they are minor near solar metallicity. The average correction that we find is 0.151 dex. The star that is mostly affected is HD 6582, with a 0.244 dex correction. The behavior of the Sr abundance as a function of metallicity is discussed within a stellar nucleosynthesis context, in comparison with the abundance of the heavy neutron-capture elements Ba (Z=56) and Eu (Z=63). The comparison of the observational data with the current GCE models confirm that the s-process contributions from Asymptotic Giant Branch stars and from massive stars are the main sources of Sr in the Galactic disc and in the Sun, while different nucleosynthesis sources can explain the high [Sr/Ba] and [Sr/Eu] ratios observed in the early Galaxy.
INTRODUCTION
The study of the chemical enrichment history of stars in our Galaxy allows to benchmark our understanding in its formation and evolution, and in stellar evolution and nucleosynthesis. Across the evolution of the Galaxy elements have been made by different generations of stars, building up the abundance pattern observed today also in the Sun (e.g., Matteucci & Greggio 1986 Table A1 is only available in electronic form 2011). Despite their low abundance relative to other metals lighter than iron, heavy elements provide powerful constraints for chemical evolution and other nuclear astrophysics disciplines. According to the established scenario of nucleosynthesis of heavy elements in stars, about half of the abundances beyond iron are due to the slow neutron capture process or s-process (e.g., Käppeler et al. 2011 , and references therein), and half to the rapid neutron capture process, or r-process (e.g., Thielemann et al. 2017; Cowan et al. 2019 , and references therein). However, in the last twenty years a growing amount of theoretical and observational works provide the evidence of the existence of other nucleosynthesis processes feeding the production of heavy elements, at least up to the first neutron-magic peak beyond Fe, where elements Sr, Y and Zr are located. Different types of neutrino-driven wind components from forming proto-neutron stars in Core-Collapse Supernovae (CCSNe) have been shown to potentially contribute to the production of these elements, at least in the early Galaxy (e.g., Fröhlich et al. 2006; Farouqi et al. 2009; Arcones & Montes 2011; Roberts, Woosley & Hoffman 2010; Wanajo, Janka & Kubono 2011; Martínez-Pinedo, Fischer & Huther 2014; Curtis et al. 2019) . Wanajo, Janka & Müller (2011) discussed as well the nucleosynthesis production of these elements in electron-capture supernovae.
A number of nucleosynthesis processes needed at low metallicity have been also discussed by Hansen, Montes & Arcones (2014) , utilizing the approach by Qian & Wasserburg (2001) . These authors considered neutrino-driven winds in CCSNe as a source of Sr. More recent analyses of production of elements at the Sr peak in metal-poor stars are provided by Hansen et al. (2018) and Spite et al. (2018) .
In this context, a clear understanding of the production of elements in the Sr-Y-Zr region becomes more complicated compared to the established two-components scenario, where only the s-process and the r-process are relevant. Many processes need to be taken into account to explain the observed abundances, and their relative relevance may change across the history of the Galaxy. In the Galactic halo the role of s-process production from Asymptotic Giant Branch (AGB) stars in Galactic Chemical Evolution (GCE) is minor, even for elements that are typically classified as s-process elements by looking at the abundance distribution in the solar system (e.g., Travaglio et al. 2004 ). Recent GCE simulations by Bisterzo et al. (2014) assign to Sr an s-process contribution from AGB stars of 68.9±5.9 %, but that contribution is not significant for Sr observed in metal-poor stars. On the other hand, s-process in fast rotating metal poor stars could provide a significant contribution to Sr production observed in Galactic halo stars (Pignatari et al. 2008; Frischknecht et al. 2016) , and could be marginal for the Sr abundance in the Galactic disc. A study of the Sr/Ba ratio in four halo stars (Spite et al. 2014) has shown that the abundance pattern of the s-process elements is strikingly similar to the theoretical estimates of the s-process. The contribution to the s-process by rapidly rotating stars Choplin et al. 2017; Nishimura et al. 2017) as the missing component responsible for the relative distribution of the light (Sr) and heavy (Ba) neutron-capture elements has been studied by adopting a stochastic chemical evolution model (Cescutti et al. 2015b) . Travaglio et al. (2004) found that in the solar abundances there is a component missing between Sr and Xe, not explained by the traditional s-process and rprocess scenario. They called that component Lighter Element Primary Process or LEPP, and associated to the Sr-rich signature observed in a large fraction of metalpoor stars. This result is still controversial (see e.g., Honda et al. 2004 Honda et al. , 2007 Montes et al. 2007; Trippella et al. 2016 ; Cristallo et al. 2015) . Travaglio et al. results were not taking into account all the zoo of processes possibly feeding at least the Sr-Y-Zr peak, and it is plausible that some of them will be relevant for GCE. Sr is made from the weak s-process in massive stars (e.g., Raiteri et al. 1991a,b; Pignatari et al. 2010; The, El Eid & Meyer 2007; Pignatari et al. 2016b ) and in massive AGB stars (> 4 M⊙) (e.g., Karakas & Lattanzio 2014; Cristallo et al. 2015; Pignatari et al. 2016a) . Travaglio et al. (2004) estimated the contribution by the weak s-process to be 9% of the solar Sr. The contribution from massive AGB stars changes between 9% (Travaglio et al. 2004 ) to 1.35% by (Bisterzo et al. 2014 ). There is not a clear estimate of the errors associated to these contributions, where both nuclear and stellar model uncertainties are consistently taken into account (e.g., Pignatari et al. 2016a ). The r-process, together with all of these nucleosynthesis processes, made the remaining part of Sr that was not created by the s-process. However, also the origin of the r-process elements with A > 56 remains controversial. At least four sources have been proposed, namely: 1) the neutrino-induced winds from supernovae (Woosley et al. 1994; Takahashi, Witti & Janka 1994) ; 2) the neutron-rich matter ejected from coalescencing neutron stars (Freiburghaus, Rosswog & Thielemann 1999; Thielemann et al. 2017 ) (see further references in the latter review); 3) the winds from the black hole-neutron stars mergers (Surman et al. 2008) ; and 4) polar jet ejecta from magneto-rotational supernove (Winteler et al. 2012; Nishimura, Takiwaki & Thielemann 2015; Nishimura et al. 2017) .
In the last years the intermediate-neutron capture process or i-process (Cowan & Rose 1977) has been shown to be active since the first stages of the evolution of the Galaxy, possibly explaining anomalous abundance patterns observed in old metal-poor stars (e.g., Dardelet et al. 2014; Hampel et al. 2016; Roederer et al. 2016; Clarkson, Herwig & Pignatari 2018) , in younger objects in the Galactic disc and in open clusters (Herwig et al. 2011; Mishenina et al. 2015; D'Orazi, De Silva & Melo 2017) and in presolar grains (Fujiya et al. 2013; Liu et al. 2014) .
Also alternative sources have been introduced in several papers (Travaglio et al. 2004; Qian & Wasserburg 2008) . For example, the role of neutron star mergers in the chemical evolution of the Galactic halo and the r-process production of Sr, Zr, and Ba -complemented by an s-process production from spinstars was presented in Cescutti et al. (2015a) . Both neutron star mergers and supernova scenarios might have contribute in producing Eu, and observations at low metallicity allow to identify two components of r-process nucleosynthesis (e.g., Wehmeyer, Pignatari & Thielemann 2015) . Indeed, theoretical r-process estimates can be tested directly with Galactic Archaeology, by looking at the composition of stars formed with insufficiently mixed matter, and enriched with heavy elements resulting from one or few early r-process events (e.g. Aoki et al. 2007; Sneden, Cowan & Gallino 2008; Roederer et al. 2010 ).
The Sr abundance was studied in 156 stars of the Galactic disc in a recent paper by Battistini & Bensby (2016) . The authors concluded that the s-process is responsible for the main contribution in the enrichment of Sr, with an additional contribution from a non-classical r-process at low metallicities. In the thin disc the trends of [El/Fe] vs. [Fe/H] are flatter, which is due to the fact that the main production from the s-process is balanced by Fe production from type Ia supernovae. With metallicities in the range from -1 < [Fe/H] < 0.3 dex the contributions to neutron capture elements by all mentioned processes are different, and they change in the course of the Galaxy evolution. In previous studies we have determined the abundances of a number of neutroncapture elements for more than 250 stars (Mishenina et al. 2013 ). Here we extend our study with information on Sr, and we provide a comparative analysis of the abundances of elements that in the Galactic disc are mostly made by the s-process (Sr and Y at the neutron shell closure N=50, and Ba and La at N=82) s-process elements in relation to europium (Eu), produced by r-process.
The paper is organized as follow. The observations and selection of stars plus the definition of the main stellar parameters are described in §2. The abundance determinations and the error analysis are presented in §3. The results and comparison with other data as well as the application of the results to the theory of nucleosynthesis and the chemical evolution of the Galaxy are reported in §4. Conclusions are drawn in §5.
OBSERVATIONS AND ATMOSPHERIC PARAMETERS
Most observations used here were previously analysed in our paper on n-capture elements (Mishenina et al. 2013 ). The spectra were obtained using the 1.93 m telescope at Observatoire de Haute-Provence (OHP, France) equipped with the echelle type spectrographs ELODIE (R = 42000 ) for the wavelengths range 4400 -6800Å and signal to noise S/N more than 100. Our starting sample includes 276 stars like in Mishenina et al. (2013) . Also for those stars we have searched additional spectra in the OHP spectroscopic archive (Moultaka et al. 2004) , from the SOPHIE spectrograph which cover a similar wavelength range at a resolution of R= 75000. The primary processing of spectra was carried out immediately during observations (Katz et al. 1998) .
Further spectra processing such as the continuum placement, line depth and equivalent width (EW) measurements, etc., was conducted using the DECH20 software package by Galazutdinov G. A. (1992) . This paper belongs to a set of studies of abundances in stars in the galactic disc (Mishenina et al. 2004 (Mishenina et al. , 2008 (Mishenina et al. , 2013 . We use the same stellar parameters derived for stars in our sample. To estimate the effective temperatures T eff , we used one and the same approach for 267 dwarfs in our sample; in so doing, for better control we have applied the far-wing fitting of the Hα line profiles for nine stars with metallicities below -0.6 dex, and that turned out to be more suitable. Since the far-wings of Hα are independent from gravity, metallicity and convection of the atmosphere model (Gratton, Carretta & Castelli 1996) , and also to avoid uncertainties in the calibrations which were constructed in the range of -0.5 < [Fe/H] < +0.5 and used by us for a large part of dwarfs. Effective temperatures T eff were determined by the calibration of line-depth ratios for spectral line pairs with significantly different low-level excitation potential applying the technique introduced and developed by Kovtyukh et al. (2003) . The mean random error of each single calibration was 60-70 K (it ranged from 40-45 K to 90-95 K for the most and least accurate calibrations, respectively). The usage of about 70 -100 calibrations enabled us to reduce the uncertainty down to 5-7 K (for the spectra with S/N ratio of 100-150). It has been shown that 105 calibrations are essentially independent of microturbulence, departures from LTE (Local Thermodynamic Equilibrium), elemental abundances, rotational parameters or any other individual stellar properties. The estimated accuracy of the method varied within the range from 5 to 45 K for the dwarfs with [Fe/H] ≥ -0.5. For most of metal-poor stars of the sample, T eff was estimated by the far-wing fitting of the Hα line profiles (Mishenina & Kovtyukh 2001) . We have proved in Mishenina et al. (2004) that the temperature scales adopted in (Mishenina & Kovtyukh 2001 ) and (Kovtyukh et al. 2003) are well consistent.
Surface gravities log g were computed by the ionization balance, implying that the iron abundances obtained from the neutral iron Fe i and ionized iron Fe ii lines were similar. The two most-commonly used techniques for the surface gravity determination are the ionization balance of neutral and ionized species and the fundamental relation expressing the gravity as a function of the mass, temperature and bolometric absolute magnitude deduced from the parallax. A detailed study of surface gravities derived by different methods was performed by Allende Prieto et al. (1999) , who reported that astrometric and spectroscopic (iron ionization balance) gravities were in good agreement within the metallicity range of -1.0 < [Fe/H] < +0.3. In our earlier paper (Mishenina et al. 2004) , we compared the adapted surface gravities to those determined astrometrically by Allende Prieto et al. (1999) ; the resulting mean difference and standard deviation were -0.01 and 0.15, respectively, for 39 common stars. This is consistent with an accuracy of 0.1 dex of our spectroscopic gravity determinations. Moreover, in each of our studies, we have been analysing the correlation between our estimates of chemical abundances and stellar parameters to justify the correctness of the latter.
The adopted value of the metallicity [Fe/H] was calculated using the iron abundance obtained from the Fe I lines. As is known (e.g. Thévenin & Idiart 1999; Shchukina & Trujillo Bueno 2001; Mashonkina et al. 2011; Bergemann et al. 2012) , the lines of neutral iron are influenced by the deviations from the LTE in solar and stellar spectra, and hence, these deviations also affect the iron abundances determined from those lines. However, within the temperature and metallicity ranges of our target stars, the NLTE corrections do not exceed 0.1 dex (see, e.g. Mashonkina et al. 2011 ).
The microturbulent velocity Vt was derived considering that the iron abundance obtained from a given Fe i line is not correlated with the equivalent width EW of that line.
The obtained parameter values and their comparison with the results of other authors are reported in Mishenina et al. (2004 Mishenina et al. ( , 2008 Mishenina et al. ( , 2013 . The accuracy of our parameter determination is estimated to be: ∆T eff = ±100 K, ∆log g= ±0.2dex, ∆Vt= ±0.2km s −1 , ∆[Fe/H] = ±0.1dex. In this study, we have compared the adopted parameters with those obtained recently by Battistini & Bensby (2016) and Delgado Mena et al. (2017) who reported the Sr abundances estimated in the LTE approximation using the same Sr I line as in this study. In particular, our goal was to assess the T eff scale in our study, which is essential for the Sr abundance determinations. The results of the comparison for individual stars are given in Table 1 while Table 2 presents the mean differences and errors (standard deviations) in the parameter values for the common set of target stars in various papers. In these Tables, we have also provided the results of the comparison of our Sr data with those obtained earlier (Reddy et al. 2003; Mashonkina & Gehren 2001; Brewer & Carney 2006) ; note, the Sr II line was used in the last two studies.
We find the concordance between our data and those by Battistini & Bensby (2016) within the stated error definitions, except for T eff for the stars HD 135204, 152391, 157089, 159482, 199960, 201891 and for log g for the star HD 135204. At that the average difference values of < ∆ T eff >, < ∆ log g>, < ∆ [Fe/H] > are equal to -4 ±116, -0.13 ±0.15, -0.03 ±0.07, respectively. Matching our results with those of Delgado Mena et al. (2017) we obtained the average values < ∆ T eff > = 27 ±36, < ∆ log g> = -0.08 ±0.13, < ∆ [Fe/H] > = -0.01 ±0.03, which show a good agreement between themselves.
Earlier, we carried out the kinematic classification of the thin and thick disc stars, as well as of the Hercules stream stars (Mishenina et al. 2004) , based on the Hipparcos (ESA 1997) parallaxes and proper motions combined with radial velocities measured by the cross-correlation of the ELODIE spectra (with an accuracy better than 100 m s −1 ). We have not updated our classification with respect to the latest astrometric data from the Gaia Data Release 2 (Gaia Collaboration et al. 2018 ) either due to the fact that many stars of our sample are too bright to be measured by Gaia or that the relevant astrometric errors are equivalent to those of the Hipparcos observations. The classification is based on the (U, V, W) velocities with respect to the Sun with typical errors of 1 km s −1 . Having assumed that our sample represents three populations of stars in the solar vicinity, such as those of the thin and thick disc, as well as the Hercules stream group, we have computed the probability of each star's membership in either of these populations. In these computations, we have adapted the velocity ellipsoids determined by Soubiran, Bienaymé & Siebert (2003) . A star is considered to belong to a certain population if the probability was higher than 70%. Application of this criterion implies that there are a number of stars with intermediate kinematics which cannot be classified.
DETERMINATION OF SR ABUNDANCES
The determination of the Sr abundance was obtained with the new version of the STARSP LTE spectral synthesis code (Tsymbal 1996) from the Sr I line 4607Å using the stellar models (Castelli & Kurucz 2004) . A comparison of synthetic and observed spectra for the Sr line is shown in Fig. 1 .
The Sr abundance was determined by differential analysis relative to solar one. Solar abundances were calculated using the solar profiles, measured in the spectra of the Moon and asteroids; they were also estimated using the SOPHIE spectrograph and the oscillator strengths log gf adopted from the VALD database (Kupka F. et al. 1999 line 4607Å in the spectra of reflected sunlight obtained from different spectrographs with various resolutions are given. These values noticeably different (about 0.2 dex), ranging from log A(Sr)⊙(MIKE) = 2.69 to log A(Sr)⊙(FEROS)= 2.92, where log A(H) = 12.0. This is important to keep in mind and take into account when determining the content of elements relative to solar one, since it may be generate a systematic shift of observational data. The departures from LTE and their effect on the determination of the Sr abundances for stars with different metallicities have been investigated in a number of papers (e.g. Belyakova & Mashonkina 1997; Mashonkina & Gehren 2001; Andrievsky et al. 2011) , wherein the Sr II lines were analysed. An NLTE analysis of the Sr I and Sr II lines in the spectra of late-type stars was performed by Bergemann et al. (2012) . The model of the Sr atom was constructed using the atomic data available in the Hannover and NIST databases. The neutral atom was represented by 141 levels; the singly-ionized atom included 49 levels. The described model of Sr was similar to that one created by Andrievsky et al. (2011) with regard to the term structure and the number of dipole-permitted transitions of Sr II, but unlike the latter it factored in the effect of deviations from LTE on the neutral Sr line (for more details see Bergemann et al. (2012) ). A grid of the NLTE abundance corrections for Sr I and Sr II lines was presented in (Bergemann et al. 2012 ). The NLTE corrections for the Sr I line 4607Å reported in (Bergemann et al. 2012) (Andrievsky et al. 2011) or close to 0.05 dex (Hansen et al. 2013 ).
The obtained LTE Sr abundances, the NLTE corrections from Bergemann et al. (2012) , the NLTE Ba and LTE Eu abundance, and stellar parameters (Mishenina et al. 2013 ) are given in Table A1 which is available on-line. 
Errors in abundance determinations
To determine the systematic errors in the elemental abundances, resulting from uncertainties in the atmospheric parameters, we derived the elemental abundance of two stars HD216259 (T eff = 4833 K, log g = 4.60, Vt= 0.5 km/s, [Fe/H] = -0.55) and HD9826 (T eff = 6074 K, log g = 4.00, Vt= 1.3 km/s, [Fe/H] = 0.10) for several models with modified parameters (∆T eff = ±100 K, ∆log g= ±0.2, ∆Vt= ±0.1). The abundance variations with the modified parameters and the fitting errors for the computed and observed spectral line profiles (0.02 dex), are given in Table 3 . The maximum contribution to the error is introduced by T eff . Total errors due to parameter uncertainties and the measured spectra varies from 0.12 dex for the hot and to 0.06 -0.17 dex for the cool stars. We compare our LTE Sr abundances with the ones obtained by Battistini & Bensby (2016) in LTE assumption who used the same Sr I line 4607Å as in our case. We have only one star in common (HD 64606) with that work, for which Sr abundance is provided. The difference in the Sr abundance of HD 64606 is consistent within 0.01 dex.
The mean values of the difference between our LTE definitions and those of (Delgado Mena et al. 2017 ) is equal to -0.05 ±0.09, confirming the overall agreement with our determinations. For five stars (HD 22049, HD 22879, HD 38858, HD 125184, HD 161098) the individual differences are larger than 0.05 dex, as highlighted in Fig. 5 As shown in the works (e.g. Belyakova & Mashonkina 1997; Mashonkina & Gehren 2001; Andrievsky et al. 2011; Bergemann et al. 2012 ) the NLTE corrections for the lines of neutral and ionized strontium depend on the stellar parameters (T eff , log g, and [Fe/H]). And, specifically, the dependence on metallicity affects the estimates of the strontium abundance in various Galactic substructures, primarily the halo and the disc, which differ in this parameter. For stars of lowest metallicity (halo), the Sr II line usually used to determine the strontium abundance, for which NLTE corrections are small (e.g. Andrievsky et al. 2011 ). The use of the Sr I lines requires the NLTE corrections from 0.05 to 0.5 (e.g. Bergemann et al. 2012) , depending on the metallicity. As we show in Fig. 4 , in our considered metallicity range, the average value of NLTE corrections is 0.151 dex, for stars of the thin disc, and for stars of the thick disc they change from 0.137 to 0.244 dex and there is the dependence on metallicity. The considering of the Sr abundance behaviour in the thin and thick disc stars has shown that the NLTE deviations change more the trend for the thick disc stars than for the thin disc stars. However, the scatter of the Sr abundance on all metallicity of the disc (and the Galaxy) does not allow a fine comparison of the Sr abundance in various substructures of the disc with predictions of models of Galactic evolution.
RESULTS AND COMPARISON WITH GCE MODELS
Element abundances measured in stars are an ideal yardstick for nucleosynthesis predictions and their effect on stellar and galactic evolution. The solar system abundance of the element Sr is dominated by the s-process contribution to 88 Sr (82.6% of the solar Sr) by AGB stars. 86 Sr and 87 Sr (9.9% and 7.0% of the solar Sr, respectively) are s-only isotopes (Käppeler et al. 2011) . Finally, the rarest Sr isotope is 84 Sr (0.56% of the solar Sr), that is a product of p-process in stars (e.g., Rauscher et al. 2013; Pignatari et al. 2016a; Travaglio et al. 2018 , and references therein).
As discussed in the introduction, a zoo of different nucleosynthesis processes can contribute to the production of Sr stable isotopes. Since spectroscopic observations can only determine element abundances for Sr, there exists no constraints on the isotopic pattern, excepting for the Sun. Therefore, it becomes difficult to disentangle the contribution from these different processes in stars in Galactic Archaeology studies (e.g., Yong et al. 2013) , where few or even only one single nucleosynthesis event could dominate the isotopic abundance pattern. Sr is often used as a tracer of the LEPP enrichment in metal-poor stars (e.g., Montes et al. 2007 ). However, Sr elemental observations may lead to different interpretations. Fröhlich et al. (2006) suggested the νp-process as source of nuclei up to A=90 or slightly beyond, originated in the neutrino-driven winds from forming neutron stars in CCSNe (see also more recent investigations by Martínez-Pinedo, Fischer & Huther 2014; Eichler et al. 2017) . Due to the electron fraction Ye larger than 0.5, the νp-process acts on the proton-rich side of the valley of stability, producing a non-solar isotopic pattern. The weak sprocess, activated by the 22 Ne neutron source in massive stars, is usually metallicity-dependent and negligible at low metallicities. However, in fast-rotating massive stars 14 N can be made by rotational mixing, leading to a primary production of 22 Ne in He-burning. The s-process production in fastrotating massive stars has been investigated (Pignatari et al. 2008; Frischknecht et al. 2016; Choplin et al. 2017; Nishimura et al. 2017; Prantzos et al. 2018) , and considered by GCE modeling (Cescutti et al. 2015a; Bisterzo et al. 2017; Prantzos et al. 2018) . On the other hand, as mentioned in the introduction the existence of the LEPP component is controversial (Cristallo et al. 2015; Trippella et al. 2016; Prantzos et al. 2018) . A consistent set of observations over a large sample of stars such as the one presented in this work becomes instrumental to shed more light into this debate.
Our results for the Sr abundance obtained within the LTE approximation and the NLTE corrections (Bergemann et al. 2012 ) for our Sr determinations are shown in Fig. 4 , in comparison to GCE model results from Travaglio et al. (2004); Bisterzo et al. (2017) . This GCE model (Travaglio et al. 2004 ) follows the composition of stars, stellar remnants, interstellar matter (atomic and molecular gas), and their mutual interaction, in the three main zones of the Galaxy, halo, thick disc, and thin disc. The chemical enrichment takes into account the s-process yields from AGB stars, the r contribution from massive stars (estimated with the residual method Nr = N⊙ -Ns), and the primary LEPP contribution. As discussed in (Travaglio et al. 2004) , the impact of AGB uncertainties on GCE computations may be partially reduced by assuming a range of 13 C-pocket strengths, according to the s-process spread observed in disc stars and in presolar meteoritic SiC grains. The r contribution was assumed to derive from SNeII of 8 -10 M⊙. Nevertheless we do not exclude different hypotheses to explore the chemical origin of the Galactic halo (e.g., see discussion in Section 1). The LEPP contribution was evoked to explain the missing abundance of solar Sr; the at [Sr/Fe] trend observed at low metallicities suggested that LEPP is a primary process, likely occurring in CCSNe with an extended range of mass progenitors compared to the main r-process. In Fig. 4 , the Galactic disc predictions by Travaglio et al. (2004) are represented by black line for thin disc and dashed black line for thick disc. Note that the models which consider only the contribution in neutron-capture enrichment from s-and r-processes do not reproduce the observations at low metallicity (black dotted line). In Figs Bisterzo et al. (2017) also investigate the impact on GCE simulations of the internal structure of the 13 C pocket, that is one of the major uncertainties for the s-process production in AGB stars. Considering these uncertainties, the authors confirmed their earlier results (Travaglio et al. 2004) , where an additional LEPP contribution is required in order to represent the solar s-process abundances of isotopes from A = 90 to 130 (solar LEPP, Montes et al. 2007 ). Bisterzo et al. (2017) also discussed the impact of the sprocess yields from fast-rotating massive stars, with a contribution up to ∼ 17% to solar Sr (s-process yields from fastrotating massive stars yields by Frischknecht et al. 2016) . Therefore, according to those calculations, the maximum sprocess production of Sr is Srs ∼ 90%. Instead, s-process isotopes and elements with 90 < A < 130 are marginally affected by this additional source of s-process, with variations within the solar uncertainties.
GCE simulations presented in the figure can reproduce Sr production in the galaxy and the solar abundances of Sr. In particular, by considering also the contribution from fast-rotating massive stars the [Sr/Fe] abundance in thindisc stars is better reproduced compared to Travaglio et al. (2004) . On the other hand, the production of Y and heavier LEPP elements is not obtained, possibly made by a combination of other nucleosynthesis processes.
In Fig. 6 Mishenina et al. (2013) . Ba abundances were computed under the NLTE approximation in our earlier studies Mishenina et al. 2013) . Ba abundances in dwarf stars were determined from Ba II 4554, 5853, 6141 and 6496Å while the LTE Eu abundance was derived from the line at 6645Å (Mishenina et al. 2013 ). The NLTE profiles of the Ba lines were computed using a modified version of the MULTI code (Carlsson 1986 ); all modifications have been described in detail in (Korotin, Andrievsky & Luck 1999 ). The Ba model in this study contains 31 levels of Ba I, 101 levels of Ba II with n < 50 and the ground level of the Ba III. The analysis covers 91 bound-bound transitions. The NLTE Ba calculations have been described in detail in . In order to verify the effect of the LTE deviations on the Sr abundance, as well as on their relationship with other elemental abundances, we have plotted [Sr/Eu] vs [Fe/H] using both the NLTE and LTE Sr abundances. As can be seen in Fig. 6 , there is no significant difference. A pure r-process signature has been indicated for both [Sr/Ba] and [Sr/Eu] assuming that Srr = 9% of the solar Sr abundance. This estimation is based on observations of very metal-poor r-process rich stars (Travaglio et al. 2004; Mashonkina & Christlieb 2014; Roederer et al. 2014 ). We use then Bar = 15% of the solar Ba content and Eur = 94% of the solar Eu abundance (using the residual method and the GCE s-process calculations by Bisterzo et al. 2017 ). The r-process contribution to Ba and Eu in the solar composition are derived by subtracting the s-process fractions from the solar abundances (r-process residuals method).
The [Sr/Eu]r ratio is well below any star observed in the Galactic disc, confirming that other early nucleosynthesis processes producing Sr are contributing. The [Sr/Ba]r ratio is close to the solar ratio, and not much information can be derived. In Fig. 7 , the [Sr/Ba] (NLTE) ratio is shown with respect to the [Ba/Eu] (NLTE Ba, LTE Eu) ratio. Ratios consistent with the r-process production and the s-process contribution are shown for comparison. Most of the stars show abundance signatures consistent with a combined contribution of s-process and r-process. Also in the Galactic disc, we can see for a number of stars a possible signature similar to the stellar LEPP (Montes et al. 2007) , where the [Sr/Ba] is larger than the s-process contributions and the r-process, and consistent with François et al. second value corresponds to the NLTE Sr content; for Ba the NLTE abundance estimates are used in both cases. For three stars, HD45088, 53927 and 127506, these deviations are the same for both the LTE and NLTE Sr abundance determinations. Again, we are quite close to the error range limit. The same uncommon signature is observed in few metal poor stars (e.g., Roederer et al. 2010; Frebel 2010; Hansen et al. 2018) , indicating the contribution from different r-process components or some additional nucleosynthesis component which is not taken into account in this analysis.
In Figure 8 we have compared our [Sr/Fe] LTE data and those obtained in numerous studies within a large range of [Fe/H], with GCE predictions by Bisterzo et al. (2017) and Prantzos et al. (2018) . The computed evolution from Bisterzo et al. (2017) marked for thin disc as blue line and thick disc as doted blue line (Fig. 8) . The predicted evolution (Prantzos et al. 2018 ) is shown for the cases wherein different contributing sources were considered: i) low and intermediate mass (LIM) stars, rotating massive stars plus their fiduciary r-process (the baseline model, orange continuous curve); ii) LIM stars, non-rotating massive stars and rprocess (green dashed curve); iii) LIM stars and non-rotating massive stars without r-process contribution (gray dashed curve); and iv) LIM stars plus rotating massive stars without the r-process contribution (orange dashed curve). The authors have drawn the conclusion that overall the computed [X/Fe] vs. [Fe/H] evolution for the s-elements is consistent with the evolution predictions made in the previous studies (e.g. Bisterzo et al. 2017) for metallicities typical of the disc ([Fe/H] ≥ -1.0), but the weak s-process in rotating massive stars plays a key role in the evolution of the s-elements at low metallicity. Note the extra source of neutron-capture elements required to explain the solar abundances which led Travaglio et al. (2004) to postulate as additional process (LEPP) could apparently be explained by Prantzos et al. (2018) as a contribution from rotating massive stars.
As can be seen in the figures, there is a large scatter of Sr abundances at all metallicities, including the near-solar ones, which are of specific interest in this study. The resulting spread exceeds the observation errors, as well as the differences obtained in various studies applying different approaches (e.g. using the LTE or NLTE assumptions). In order to evaluate the description of the observational data by various calculations (using different models) of GCE, we have presented our observations and those obtained by Battistini & Bensby (2016) and Delgado Mena et al. (2017) as a single data set and expressed them as a third degree polynomial to plot versus the average observational trend. Fig. 9 illustrates the average observational trend with the error function determination by a polynomial, as well as models developed by Bisterzo et al. (2017) and Prantzos et al. (2018) . We have displayed the predicted evolution of Bisterzo et al. (2017) (for thin disc as blue line and thick disc as doted blue line) and those of Prantzos et al. (2018) The main difference between the adopted models is due to the different contribution from massive rotating stars to the chemical enrichment. However, differences in the Sr abundance evolution in these two models are still within the accuracy of observations.
CONCLUSIONS
We present a new set of the Sr abundances measured for 276 stars, including 212 thin disc stars, 21 thick disc stars, 16 Hercules stream stars and 27 non-classified stars. By the time this study began, the Sr abundances had been determined for less than 2% of the stars in our sample. The LTE approach was employed to estimate the abundances, whereby the departures from LTE were determined using the results of Bergemann et al. (2012) ; the average NLTE correction was 0.15 dex. Comparison of our data with those of other authors showed good agreement between them, with only five stars with a departure in the [Sr/Fe] by more than 0.05 dex.
We obtain an observational scatter in the Sr abundance in the order of 0.2 -0.3 dex is measured, beyond observational errors (0.12 -0.17 dex, see Table 3 ), in agreement with previous works. For thin disc stars we obtain a scatter -0.28 [Sr/Fe] 0.34, which is higher than the same range measured for more metal-poor thick-disc stars (from -0.03
[Sr/Fe] 0.26 dex). However, our sample of thick disc stars is too limited to draw robust conclusions. No significant trend is observed for the [Sr/Fe] evolution with respect to [Fe/H] . We note that there is no significant difference between the LTE and NLTE trends as can be seen in Fig. 6 .
We compared our results with the GCE calculations by Travaglio et al. (2004) , Bisterzo et al. (2017) and Prantzos et al. (2018) . A number of stellar sources contributed to the production of Sr in stars. We considered the s-process contribution from AGB stars, from massive stars and from fast-rotating massive stars. The Srs ranges from 69% of the solar Sr due to AGB stars, up to ∼90% where also massive star contribution is taken into account. Based on observations of metal-poor r-process rich stars, the contribution to the solar Sr from the r-process is smaller than 10%. The LEPP contribution was evoked to explain the missing abundance of solar Sr; the [Sr/Fe] trend observed at low metallicities suggested that LEPP is a primary process, likely occurring in CCSNe with an extended range of mass progenitors compared to the main r-process.
We have explored the Sr production together with Ba and Eu. We showed that while most of the stars can be explained within the s-process and r-process residual paradigm, there is a fraction of stars with [Sr/Ba] higher than the upper limit of Sr s-process contribution. While this feature is quite common in old stars formed in the early Galaxy, the observed departure from the s-process limit of [Sr/Fe] is much weaker in Galactic disc stars, within the observational errors (∼ 0.2 dex). We obtain also a small fraction of stars with [Sr/Ba] lower by up to 0.2 dex than the r-process. At least for three stars, both LTE and NLTE Sr abundances display the values near -0.3 dex. Of course, taking into account the determination errors, this value is not so large, somewhere around 0.1 dex, which may be due to the dispersion of strontium and barium in the disc.
Using stellar data from our sample, from Battistini & Bensby (2016) and Delgado Mena et al. (2017) we have studied the production of Sr. Observations have been compared with GCE simulations by Bisterzo et al. (2017) and Prantzos et al. (2018) . We confirm that the s -process contribution from the AGB stars, massive stars and fast-rotating massive stars is the main source of the Sr enrichment in the Galactic disc, possibly augmented by a CCSN contribution. The contribution of the fast-rotating massive stars becomes more significant with decreasing metallicity.
A significant scatter in the [Sr/Fe] ratio is also seen in metal-poor stars, possibly indicating the contribution from additional r-process components in the early Galaxy (e.g. a main r-process contribution from rare events at low metallicities) and in the Galactic disc. , 1994 , ApJ, 433, 229 Yong D. et al., 2013 APPENDIX A: Table A1 : Stellar parameters and abundances of some n-capture elements.The obtained (LTE) Sr abundances, the NLTE corrections from Bergemann et al. (2012) , the NLTE Ba and LTE Eu abundance, and stellar parameters Mishenina et al. (2013) . This paper has been typeset from a T E X/ L A T E X file prepared by the author.
